Objective: The main purpose of this retrospective study was to compare cyclin E expression levels in operable breast cancer patients determined using real-time RT-PCR and immunostaining. The prognostic relevance of cyclin E was also investigated. Methods: Specimens of invasive ductal breast cancer tissues obtained from 124 women during radical mastectomy were analyzed. Results: Of the tumor samples, 40.3 and 59.7% showed high expression of cyclin E in RT-PCR and immunostaining, respectively. The overall agreement probability was 0.032 according to Scott's p statistic. With a median follow-up of 55.5 months, cyclin E expression assessed using immunostaining was an independent negative prognostic factor in the node positive group (hazard ratio 3.1; 95% CI 1.0-9.2; P = 0.045). Cyclin E expression correlated with absence of steroid receptors and younger age. RT-PCR results did not predict survival in any group of patients. Conclusions: Disagreement between real-time RT-PCR and immunostaining was demonstrated. Immunostaining seems to be the more reliable method for assessing cyclin E in breast cancer cells.
INTRODUCTION
Adjuvant systemic treatment of breast cancer is based upon well-known classical prognostic factors such as age, tumor size, tumor grade, presence of lymph node metastases, steroid receptor status and HER2 status. Some patients, in spite of the presence of high-risk factors, have an excellent prognosis and are cured with regional treatment alone. On the other hand, many patients in the low-or intermediate-risk groups finally die of breast cancer. Thus, there is a common belief that classical prognostic system needs to be improved because many patients receive toxic therapy unnecessarily (1) . During the past few years many studies have been conducted in order to identify molecular prognostic factors, especially among the cell cycle molecules.
Disturbances in the activity of cell cycle regulatory proteins play a key role in cancer (2, 3) . Progression through the cell cycle is promoted by protein complexes composed of cyclins and cyclin-dependent kinases (cdks). Cyclin D and cyclin E form active complexes with cdk2 and enable progression through the G1 phase of the cell cycle and control entry into the S phase by phosphorylation of RB (retinoblastoma) protein and subsequent activation of transcription factor E2F; cdks inhibitors exert negative control (3) . In malignant cells, there is an imbalance between cyclins, cdks and cdks inhibitors, which leads to the uncontrolled cells divisions.
Cyclin E overexpression has been observed in breast cancer, gastrointestinal and hematological malignancies, lung cancer, genitourinary tract cancers, sarcomas and skin cancers (4) . High levels of cyclin E in breast cancer cells have been observed more often in patients with higher disease stage, poor histological differentiation of tumor, higher proliferative status and lack of steroid receptors (5, 6) .
In previous studies, cyclin E expression has been assessed using protein detection methods such as immunostaining, western blot and tissue microarray analysis or using gene expression detection methods such as real-time RT-PCR (reverse transcription polymerase chain reaction) (7) (8) (9) (10) .
Investigations made by others into the prognostic value of cyclin E in breast cancer have provided conflicting data (11, 12) . In a retrospective study of 395 breast cancer patients, Keyomarsi et al. (8) found that a high level of cyclin E, as detected using western blot, correlated with poor survival. Cyclin E was the strongest independent prognostic factor, more important than the presence of axillary lymph node metastases. Similar observations were made by Porter et al. (12) , in a group of node negative patients, and by Han et al. (13) and Lindhal et al. (14) .
However, some authors did not confirm the prognostic value of cyclin E overexpression in breast cancer. Although cyclin E expression was sometimes associated with poorer outcome in univariate analyses, it was not a significant negative prognostic factor in multivariate analyses (15) (16) (17) . Bukholm et al. (18) , using immunostaining analysis in a group of 170 patients with invasive breast cancer, did not find any prognostic value of cyclin E.
The aim of the present study was retrospectively to compare two methods of assessing cyclin E expression: real-time RT-PCR and immunostaining. We also investigated whether the cyclin E level had an impact on survival in patients with operable breast cancer.
PATIENTS AND METHODS

TUMOR SPECIMENS AND STUDY PATIENTS
Primary tumor specimens were obtained consecutively from 128 women with operable breast cancer at the time of routine surgery at the Oncology Department of Copernicus Memorial Hospital in Lodz, Poland, between 1998 and 2001. All tumors were invasive ductal carcinomas. The surgical procedure in all cases was radical mastectomy with axillary lymph node dissection. For further mRNA analysis, fresh tumor specimens were frozen at À80 C immediately after excision. Serial sections of the tumor were obtained from archived paraffinembedded tissue blocks. In all cases primary pathological diagnosis was confirmed using hematoxylin and eosin (H&E) staining. Subsequent slides were stained for cyclin E, steroid receptors, HER2 and Ki-67. In four cases cyclin E staining was not possible for technical reasons and these patients were excluded from the study. Thus, the study population consisted of 124 patients. All operative and pathological reports were reviewed to confirm the disease stage. The follow-up period was defined as the time from surgery to the last observation for censored cases or death for complete observations.
REAL-TIME RT-PCR ANALYSIS
Tumor samples were stored at À80 C until RNA extraction. RNA was extracted using TRIzol Ò reagent (Invitrogen Corporation, USA). Synthesis of cDNA was performed from 10 mg of total RNA at a total volume of 70 mL using ImProm-II TM reverse transcriptase (Promega Corporation, USA). Next, cDNA samples were diluted with sterile deionized water to a total volume of 140 mL. Volumes of 2 mL (corresponding to 0.14 mg of total RNA) were used for PCR. Real-time RT-PCR was performed using the ABI PRISM Ò 7000 Sequence Detection System (Applied Biosystems, USA). Sequences of primers used and annealing and detection temperatures are presented in Table 1 . Primers for cyclin E were evaluated and in silico tested using the Amplify algorithm (19) . All reactions were performed in triplicate. PCR products were detected with SYBR Ò Green I using the qPCR Core kit for SYBR Ò Green I (Eurogentec, Belgium). Expression levels of cyclin E were normalized using the b2-microglobulin gene primer (20) . Amplification plots for b2-microglobulin and cyclin E genes are presented in Figure 1 . Relative gene expression was calculated using the 2 ÀDDCT method with pooled cDNA from all tumor samples as a reference (21) . Thus, expression level 1.0 represents an average expression in the samples examined. Assuming a cut-off level of 1.0, all tumors were divided into two groups: those with low (relative gene expression <1.0) and those with high (relative gene expression >1.0) cyclin E expression.
IMMUNOSTAINING AND SCORING
Paraffin-embedded sections were processed routinely. Slides for immunostaining for ER (estrogen receptor), PR (progesterone receptor) and Ki-67 (all from Dako) were pretreated with citrate buffer in a microwave oven. HER2 expression was examined using the commercially available Herceptest kit from Dako. Antibody dilutions were as follows: ER, 1:35, PR, 1:75, Ki-67, 1:200. Cyclin E expression was analyzed using anti-cyclin E monoclonal antibody (Novocastra). Endogenous peroxidase activity was inhibited using 0.5% hydrogen peroxide containing methanol, and normal horse serum was used to block the non-specific antigen binding sites. The antibody was diluted to 1:40. All subsequent procedures were performed according to standard protocols using the EnVison kit (Dako). Cyclin E and Ki-67 labeling indexes were defined as the percentage of tumor cells displaying nuclear immunoreactivity and were calculated by counting the number of nuclear stained cells present in 1000 tumor cells. A single representative section from each sample was surveyed microscopically at ·100 for at least two areas of the highest staining intensity of positive cells. Cell counts were performed at ·400 in at least five fields in these areas. For cyclin E, depending on the percentage of the cells showing a nuclear staining pattern tumor, samples were judged as negative (<2%) or positive (>2%). ER and PR nuclear staining scorings were made using the method described by McCarty et al. (22) . Tumors were considered positive for ER or PR if the Histo-score was above 100. HER2 staining was scaled according to the positive patients. Comparison of gene expression level between cyclin E negative and positive tumors, as measured by immunostaining, was performed using the Mann-Whitney U-test. Cancer-specific survival was calculated from the date of primary surgery to the date of death or last follow-up, and data for patients who died from causes other than breast cancer were censored at the time of death. Cancer-specific survival was estimated using the Kaplan-Meier method. Differences in survival distributions were evaluated using a log-rank test. A multivariate analysis of cancer-specific survival was performed using the Cox proportional hazard regression model with an inclusion criterion of P < 0.050 and an exclusion criterion of P > 0.050. All results were considered statistically significant when P was < 0.050.
RESULTS
PATIENT CHARACTERISTICS
The median follow-up period for 90 censored (surviving) patients was 61 months (range 9-68). For the whole group it was 55.5 months (range 1-68). A total of 37 deaths were observed, 14 in a node negative and 23 in a node positive group. Three of them were due to other causes (2 and 1, respectively). Patient characteristics are presented in Table 2 CANCER-SPECIFIC SURVIVAL
Real-Time RT-PCR
No significant differences in survival were observed between low-and high-cyclin E groups in all cases (5-year survival rate: 66.7 versus 74.0%, P = 0.374; Figure 2 ), in the node negative patients (76.8 versus 82.0%, P = 0.506) and in the node positive patients (55.4 versus 66.3%, P = 0.502).
To rule out a possible influence of the assumed cut-off level of cyclin E expression, two groups of 25 patients, with the lowest and the highest levels of cyclin E mRNA, were also compared. In the first group the relative gene expression level ranged from 0.00 to 0.10 (median 0.04) and in the second from 5.18 to 2150.61 (median 20.09). Again, no difference in survival was observed (62.0 versus 65.4%, P = 0.923).
Immunostaining
In the whole group an obvious, although not statistically significant, tendency toward better outcome in patients with tumors negative for cyclin E was observed (5-year survival rate 80.8 versus 62.6%; P = 0.072; Figure 3 ). No significant differences in survival were observed in the node negative (86.5 versus 73.9%; P = 0.311) and in the node positive group (75.7 versus 48.5%; P = 0.101).
COMPARISON OF REAL-TIME RT-PCR AND IMMUNOSTAINING
In Table 3 two methods of assessing cyclin E expression are compared. Scott's p overall agreement probability was 0.032 (95% CI 0.142-0.205). The Liddell exact test for matched pairs also revealed disagreement between methods (P = 0.003). Relative gene expression did not differ between cyclin E negative and positive groups, as assessed using immunostaining (P = 0.600).
No significant differences in survival were observed between groups listed in Table 3 .
RELATIONS BETWEEN CYCLIN E AND OTHER FACTORS
As shown in Table 4 no correlations between expression level of cyclin E, assessed using real-time RT-PCR, and any other prognostic factors were found. Tumors positive for cyclin E, measured using immunostaining, usually lacked steroid receptors. They also were more often observed in younger patients and had the tendency to show higher Ki-67 expression.
MULTIVARIATE ANALYSIS
Proportional-hazards modeling of cancer-specific survival was performed in all patients and in both the node positive and node negative groups. In these analyses, in addition to cyclin E expression measured using real-time RT-PCR and immunostaining, factors such as stage, nodal involvement, tumor grade, steroid receptor status and HER2 status were included. The results for all patients and for the patients in the node positive group are listed in Table 5 . In all patients cyclin E expression measured using immunostaining almost reached statistical significance (2.2; 0.9-5.3; 0.074). In the node negative group no significant independent prognostic factors were found.
DISCUSSION
This is, to our knowledge, the first study aimed directly at comparing the protein detection method and the mRNA detection method for assessing cyclin E expression in breast cancer. We demonstrated that real-time RT-PCR disagreed with immunostaining. Our observation remains to some extent in contrast with data provided by others with respect to other cancers. Tsuda et al. (23) found significant correlation of cyclin E mRNA amount and protein level in a group of 83 ovarian cancer patients. This correlation was also confirmed in a very small group of lung cancer patients (24) . There are some controversies regarding the prognostic value of cyclin E in breast cancer (8, 11, 12, 18) . The majority of authors used protein detection methods such as immunostaining, western blotting and tissue microarrays. Keyomarsi et al. (8) compared data obtained from an immunostaining analysis and a western blot analysis. They found significant discrepancies between the two methods. The survival correlated better with data obtained using the western blot technique. It can be easily explained because an immunochemistry technique for the assessment of cyclin E expression is not standardized yet and is by its nature subjective, whereas western blotting is a very reliable method for detecting proteins.
In our study, fresh frozen tumor samples were used for extracting mRNA and we were unable to extract proteins simultaneously. So, immunostaining was chosen for the detection of proteins.
We showed that cyclin E expression measured using immunostaining but not using real-time RT-PCR was an independent negative prognostic factor in the node positive group. This tendency was seen in all patients. Estimated cancer-specific survival did not differ significantly according to the cyclin E status. Nevertheless, a tendency was clearly seen toward worse survival of patients positive for cyclin E assessed using immunostaining. This might be explained by the relatively small number of patients involved in the study and the short time of follow-up. There was a higher percentage of complete observations in node positive patients than in the whole group, as node positive patients had worse prognosis overall. We believe that these findings are well supported by data obtained from multivariate analyses.
Real-time RT-PCR is considered to be one of the most precise methods of assessing the amount of mRNA. Cumulative Proportion Surviving Figure 3 . Kaplan-Meier estimates for cancer-specific survival in all patients based on cyclin E expression measured using immunostaining. resectable breast cancer patients and did not find any relationship of cyclin E expression to survival. We confirmed their observation, though on a group with fewer patients. We also examined the relationship between the level of cyclin E and pathological and clinical factors. We confirmed observations made by others that high expression of cyclin E found in immunostaining was correlated with absence of steroid receptors and younger age (11, 15) . The relationship with higher proliferative index almost reached the statistical significance observed by Scott et al. (6) . No relationship with disease stage, higher tumor grade or HER2 status was observed. This can be explained by the relatively small number of patients in our study.
These observations suggest the possibility that mRNA detection methods are of little value in assessing the prognostic significance of cyclin E. There are some data supporting this thesis.
The mRNA was used for RT-PCR could have originated from cancer cells as well as from tumor stromal cells (i.e. blood vessels or fibroblasts). In contrast, immunostaining results are specific for tumor cells. Furthermore, the amount of mRNA does not always reflect the protein level. Hyperactive, lowmolecular-weight forms of cyclin E (molecular mass ranging from 34 to 49 kD) have been described in tumor cells (25) . Harwell et al. (26) found that these isoforms were generated by the post-translational action of nuclear proteases present in cancer cells. Low-molecular-weight isoforms of cyclin E associated with poor prognosis were observed in breast cancer (27) . These forms induced genomic instability and resistance to cdks inhibitors and predicted failure of anti-estrogen treatment.
There are some suggestions that splicing may play a substantial role in generating such variants of cyclin E (28) . Deregulation of the splicing of cyclin E in breast cancer cells may contribute to creating biologically important lowmolecular-weight isoforms of this protein. This may, at least in part, explain our findings. The cyclin E primer we used could possibly detect only full-length mRNA and not splice variants. Thus, expression of the cyclin E gene appeared to have no impact on survival.
Recently, in breast cancer cells mutations have been described in the hCDC4 gene coding the protein responsible for proteolysis of cyclin E (29) . These mutations led to disturbances in the regulation of the cell cycle by cyclin E but were not always related to cyclin E overexpression.
In conclusion, the present study revealed the disagreement between real-time RT-PCR and immunostaining in assessing cyclin E expression in breast cancer. High expression of cyclin E measured by immunostaining was an independent negative prognostic factor in the node positive group. We also found that high expression of cyclin E determined using immunostaining correlated with lack of steroid receptors and younger age. Results obtained from RT-PCR did not predict survival. Thus, immunostaining seems to be the more reliable method for assessing cyclin E status.
